INTRODUCTION {#sec1-1}
============

Endovascular embolization is an important therapeutic option for cerebral aneurysms and cerebral arteriovenous malformations (AVMs), and provide an alternative to surgical clipping; especially, for patients who are poor surgical candidates.\[[@ref19]\] Although complications such as aneurysm rupture\[[@ref21]\] and cerebral infarction\[[@ref14]\] are well documented, central nervous system (CNS) infection is a rare complication of intracranial endovascular procedures. Only six cases of cerebral abscesses post endovascular embolization have been reported, and ours is the first case of multiple and distal cerebral abscesses.

CASE REPORT {#sec1-2}
===========

A 72-year-old female presented with a Fisher Grade 3 and World Federation of Neurological Societies Grade V aneurysmal subarachnoid hemorrhage (SAH) and an acute left traumatic subdural hematoma (SDH) post fall \[Figure [1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\]. Cerebral angiography showed a superiorly projecting 5.5×3.4×3.7 mm^3^ aneurysm arising from the supraclinoid internal carotid artery (ICA) \[[Figure 2a](#F2){ref-type="fig"}\]. The aneurysm incorporates the origin of the right ophthalmic artery and has a 2.5 mm neck. A left ophthalmic artery aneurysm and bilateral cavernous ICA aneurysms were also found.

![(a) Axial CT scan showing the Fisher Grade 3 aneurysmal subarachnoid hemorrhage. (b) Axial CT showing a left subdural hematoma with 3.94 mm of midline shift](SNI-9-252-g001){#F1}

![(a) Angiography (anteroposterior view) confirms the presence of a 5.5 × 3.4 × 3.7 mm superiorly projecting aneurysm arising from the supraclinoid internal carotid artery (ICA) with a 2.5 mm neck. (b) Angiography showing good occlusion of the fundus but some residual neck filling of the right ICA](SNI-9-252-g002){#F2}

She underwent balloon assisted coiling of the right paraophthalmic aneurysm using microvention coils one day after the SAH \[[Figure 2b](#F2){ref-type="fig"}\]. The right ophthalmic artery remained patent with partial contrast opacification of a loosely packed anteroinferior aneurysm adjacent to the ophthalmic artery origin.

Angiography one week post coiling showed severe vasospasm of the bilateral A1s and its distal branches \[Figure [3a](#F3){ref-type="fig"} and [b](#F3){ref-type="fig"}\]. The patient was treated with intra-arterial verapamil and nimodipine. Repeat angiography one day later showed ongoing severe stenosis in bilateral A1s and the patient was again treated with intra-arterial vasodilators with improvement in the anterior cerebral artery (ACA) vessel caliber and perfusion to the ACA territory. She remained clinically stable with ongoing mild left hemiparesis post-procedure.

![(a and b) Angiography showing severe vasospasm of the right (3a), left A1s and its distal branches](SNI-9-252-g003){#F3}

Three weeks after the intra-arterial treatment, the patient became hemodynamically unstable and developed a right sided hemiparesis. CT scan showed evolution of the left acute SDH into a chronic SDH with mass effect. She underwent an uneventful burr hole evacuation of the left SDH with resolution of her right-sided hemiparesis.

Her post-treatment course was complicated by vasospasm requiring two take backs for endovascular intra-arterial treatment and evacuation of the left SDH. CT one month after admission showed a new 27×25 mm^2^ low density area in the right posterior frontal lobe suggestive of ischemia. She remained a febrile with no signs of meningism, however, developed worsening left-sided hemiparesis and confusion. Magnetic resonance imaging (MRI) showed significant enhancement around the coil mass and multiple ring-enhancing lesions in the right frontal, parietal, and occipital lobes with surrounding edema \[Figure [4a](#F4){ref-type="fig"}-[c](#F4){ref-type="fig"}\]. Magnetic resonance angiography (MRA) showed a small anterior protrusion into the supraophthalmic portion of the right ICA.

![(a) T1-weighted (T1W) axial MRI with gad shows multiple ring-enhancing abscesses in the right frontal, parietal, and occipital lobes with surrounding edema. (b) Corresponding T2-weighted (T2W) axial image showed multiple hyperintense centers and hypointense irregular rims. (c) The abscesses appear isointense with areas of hypointensity on apparent diffusion coefficient (ADC) map suggestive of restricted diffusion. One month after the commencement of antimicrobial therapy, MRI demonstrated resolution in many of the enhancing foci with significant decrease in the size of the surrounding vasogenic edema (e-f)](SNI-9-252-g004){#F4}

Intra-arterial blood distal to the coils was obtained for culture. Attempted biopsy of the emboli was abandoned after post sampling angiography showed a filling defect at the right middle cerebral artery (MCA) bifurcation. Repeat right ICA angiography showed clearance at the MCA bifurcation with migration of the thrombus to a single M2/M3 branch. Thrombectomy was not attempted because of the risks of hemorrhage in the setting of possible infective arteritis. Peripheral and intra-arterial blood cultures were negative. White cell count WCC, C-reactive protein (CRP), and chest X-Ray (CXR) were unremarkable. Transesophageal echocardiogram was negative for valvular vegetations. She was commenced on dexamethasone and intravenous vancomycin 1g BD, ceftriaxone 2g BD, and fluconazole 400 mg. Tissue biopsy was not taken in light of antibiotic commencement and the likelihood of obtaining a sterile sample.

One month after the commencement of antimicrobial therapy, MRI brain demonstrated resolution of many of the enhancing foci with significant decrease in the size of the surrounding vasogenic edema \[Figure [4d](#F4){ref-type="fig"}-[f](#F4){ref-type="fig"}\] despite corticosteroids being ceased two weeks prior. Patient remained clinically stable with significant improvement in her left-sided hemiparesis and was discharged to rehabilitation for further therapy.

DISCUSSION {#sec1-3}
==========

A search was conducted using MEDLINE and PubMed of all English language case reports published between January 1945 and January 2018, which describe intracranial abscesses post embolization. The following search terms were used in combination: "cerebral," "abscess," "endovascular," and "embolization." Review of literature found 12 patients (13 including our case) satisfying these criteria.\[[@ref1][@ref3][@ref4][@ref6][@ref7][@ref11][@ref13][@ref15][@ref17][@ref18][@ref20]\] The patients who developed intracranial abscess had endovascular procedures to treat their aneurysm\[[@ref1][@ref4][@ref6][@ref7][@ref11][@ref15]\] or AVM.\[[@ref3][@ref13][@ref17][@ref18][@ref20]\]

A review of literature found that cerebral abscess in the context of endovascular procedures occurs irrespective of the age, gender, location of aneurysm or AVM, and the clinical and radiological grade of the SAH \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].

###### 

Cases of CNS infection post endovascular embolization of aneurysm (including our case)

![](SNI-9-252-g005)

###### 

Cases of CNS infection post endovascular embolization of AVM

![](SNI-9-252-g006)

There were 9 females and 4 males. Their mean age at diagnosis was 40 ± 18 years (range 21--72 years). In seven patients,\[[@ref1][@ref4][@ref6][@ref7][@ref11][@ref15]\] this was to treat a cerebral aneurysm, and in six cases, this was to treat an AVM.\[[@ref3][@ref13][@ref17][@ref18][@ref20]\]

Six females\[[@ref1][@ref6][@ref7][@ref11][@ref15]\] and 1 male\[[@ref4]\] had cerebral aneurysms (female: male ratio of 6) with a mean age of 59.7 years (range 40--72 years). On admission, most patients had SAH secondary to aneurysmal rupture (71.4%).\[[@ref4][@ref6][@ref11][@ref15]\] Four patients had Fisher grades ≤3 (57%). Five patients had anterior circulation aneurysms and two patients had posterior circulation aneurysms. Complete embolization was achieved in two cases (28.6%).\[[@ref6][@ref7]\] The average duration of time for a patient to become symptomatic from a brain abscess was 7.9 weeks (range 2 weeks to 3.5 years). The presenting complaint of patient with abscess varied with fever and the classic triad of cerebral abscesses (headache, fever, and focal neurological deficit) present in only 2 patients (28.6%).\[[@ref6][@ref15]\]

Three males\[[@ref3][@ref18][@ref20]\] and 3 females\[[@ref13][@ref17][@ref20]\] had therapeutic endovascular treatment of AVM (female: male ratio 1). Mean age of 27 years (range 21--38 years). On admission, 50% of patients had alobar hemorrhage secondary to cerebral AVMs.\[[@ref17][@ref18][@ref20]\] Complete embolization with N-butyl cyanoacrylate glue was performed in three cases, while in two cases residual filling persisted. The result of embolization was not specified in one case. The average duration of time for patient to become symptomatic from brain abscess post coiling was 6.5 months (range 4 months to 4 years). In total, 50% of patients had focal neurological deficits and 66.6% had signs associated with raised ICP. Two patients were pyrexic.

All 13 patients had CT or MRI scans that showed a single abscess in 6 patients (46.2%) and multiple cerebral abscesses in 7 patients (53.8%). Singular abscesses were common in aneurysm patients post endovascular treatment, whereas multiple abscesses were more common in AVM patients. Abscesses are more likely to develop adjacent to aneurysms than AVMs and may be explained by the majority of aneurysm patients in the literature having ruptured aneurysms on initial presentation. All abscesses were located in the same hemisphere as the aneurysm or AVM.

Pathogens were identified in 7 out of 13 patients. In 3 out of 13 patients (2 aneurysms, 1 AVM), *Staphyloccous aureus* was present in blood culture.\[[@ref7][@ref11][@ref17]\] *Staphyloccous* is a skin saprophyte and frequently penetrates the bloodstream through the femoral puncture site leading to bacteremia and maybe a source of the contamination for intravascular devices.\[[@ref9]\] *Salmonella group D species* was identified in the report by Kirollos *et al*. in both blood culture and cerebrospinal fluid (CSF) following a cerebral angiogram. Kirollos *et al*. postulated that the Guglielmi detachable coils (GDCs) acted as a colonized foreign body leading to surrounding abscess formation after infection with salmonella bacteremia or the inflammatory response in the surrounding tissue to the GDC was a predisposing factor and acted as a nidus for abscess formation. Single cases of *Pseudomonas aeruginosa*\[[@ref18]\] and *Burkholderia cepacia*\[[@ref20]\] were identified and postulated to have been introduced using irrigation fluids used during the procedure.

Kelkar *et al*.\'s retrospective review of 2918 cerebral angiograms and neurointerventional procedures performed without prophylactic antibiotics found that the risk of infection attributable to angiography was 0.1% with all infections that were found localized to the femoral artery puncture site with no systemic and no CNS complications.\[[@ref12]\]

The majority of patients (92.3%) were treated with antimicrobial therapy for at least 4 weeks. A total of 8 patients (3 aneurysm and 5 AVM, 53.8%) also underwent surgical treatment: 6 surgical drainages (1 aneurysm, 5 AVM), 1 surgical drainage plus insertion of external ventricular drain (EVD), 1 insertion of EVD that was then changed to a ventriculoperitoneal shunt for hydrocephalus, and 3 surgical excisions of AVMs. The only patient who did not receive 4 weeks of antimicrobial therapy passed away shortly after drainage of his abscess due to aneurysm re-rupture.\[[@ref4]\] All patients with cerebral abscesses post endovascular treatment of AVMs had surgical drainage of the abscesses except for one patient who declined surgery and died shortly afterwards.\[[@ref20]\]

A total of 10 out of 13 patients had a favorable outcome (including ours to date) with clinical and radiological regression or resolution of the abscess/s. A total of 2 patients had an unfavorable outcome: one died shortly after surgical drainage of the abscess due to aneurysm re-rupture and another with AVM died after declining surgery.

Cerebral abscess results from predisposing factors such as disruption of the blood-brain barrier, underlying disease, or a systemic source of infection (e.g., endocarditis or bacteremia).\[[@ref2]\] The infectious agent can enter the brain through either percutaneous colonization or hematogenous dissemination from an infective focus.

Disruption of the blood-brain barrier allows the infectious agent to penetrate the intimal wall and cause an intraparenchymal infection. Three key causes include hemorrhage, edema, and ischemia. The cerebral inflammatory response is initiated at the time of aneurysmal rupture with erythrocytes that accumulate in the subarachnoid space lysing and releasing inflammatory cytokines.\[[@ref10][@ref16]\] Hanafy *et al*. in 2010 postulated that the level of inflammatory response post hemorrhage can be correlated to the Hunt and Hess grading for aneurysms. This is in line with our literature review with 5 out of 7 aneurysmal cases presenting with SAH and all patients having vasogenic edema on imaging. Similarly, patients with large lobar hemorrhages secondary to AVMs are postulated to provoke a greater cerebral inflammatory response.

In the normal brain, the blood-brain barrier provides resistance to infection but its disruption during ischemia and hemorrhage opens the way to abscess growth. With a high incidence of bacteremia during therapeutic angiography, the risk of infection is heightened if the procedure causes any ischemia.\[[@ref5][@ref8]\]

Cerebral abscesses following therapeutic endovascular procedures are a rare but an important complication associated with significant morbidity and mortality. The incidence of CNS infections is only expected to become more prevalent with the increased use of endovascular procedures.

In our patient, a polyvinylpyrrolidone (PVP) infection is likely to have been introduced during the endovascular procedure or during intra-arterial vasospasm treatments using the sheath, catheters, or balloon. This is supported by the 4-week interval between the procedure and the formation of the abscesses on the same hemisphere as the coils. In addition, our patient had no other systemic infection or congenital abnormality such as a right-to-left shunt that could have led to hematogenous dissemination. The infectious agents could have penetrated the aneurysm wall and caused intraparenchymal infection when the integrity of the blood-brain barrier is disrupted by hemorrhage and ischemia as is likely to have occurred in our patient.

Our patient also had poor prognostic factors (Grade V hemorrhage and older age) that likely triggered a strong cerebral inflammatory response that was responsible for the surrounding edema and periods of ischemia from the lack of blood supply around the inert coils after an efficient embolization and then prolonged periods of vasospasms during multiple intra-arterial treatments.

CONCLUSION {#sec1-4}
==========

PVP encephalitis following coil embolization of cerebral aneurysm is rare and more likely to occur in the presence of hemorrhage, edema, and ischemia. Therefore, we suggest that extreme care is taken to ensure proper asepsis during embolization, and a high index of suspicion is maintained in patients with predisposing characteristics (large hemorrhage, ischemia, recurrent endovascular procedures, right-to-left shunt, and concomitant infection). Given 5 out of 7 SAH patients reported were ruptured, we suggest consideration is given to prophylactic intraprocedural IV antibiotics use as seen with open aneurysm treatment.
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